From the beginning of laser safety standards it was taken into account that the ocular hazard may be increased when optical aided viewing is assumed. Especially, for highly divergent beams this kind of hazard was recognized when analyzing the potential hazard for inspecting optical fiber tips. Up to now different methods and measurement conditions were published in the IEC standard to cover all products that emit divergent laser beams. Each new version of the standard increased the effort on the measurement setup, which finally leads to the ongoing discussion about the current Condition 2 (loupe condition) in IEC 60825-1 (2007). On the basis of numerous measurements of different divergent sources this paper shows that Condition 2 is only relevant for small sources and could be simplified or even eliminated from part I of the standard series IEC 60825.
Introduction
Part 1 of the standard series IEC 60825 (and IEC 825 [1] , respectively) considered the use of optical instruments (loupe, telescope) until 2001 by a specified test: the power (energy) should be measured with a 50 mm measurement aperture at a distance where the maximum power (energy) could be measured (a minimum distance of 100 mm should be used). The measured power (energy) was then compared with the corresponding accessible emission limit (AEL). This large measurement aperture was of particular importance for highly divergent beams as well as for good collimated beams with a large diameter (larger than 7 mm) since much more power (energy) could be collected compared to the power (energy) that would be collected through a 7 mm aperture, which was specified for the naked eye. Laser products emitting such beams were often assigned to Laser Class 3A whereas a second condition must have been fulfilled concerning the irradiance which was measured at the same position as for the power measurement. As this measurement configuration meets the real use of optical instruments poorly the measurement setup as well as the laser classes were changed and were published 2001 in edition 1.2 of IEC 60825-1 [2] .
In this version of the standard two different measurement setups were defined, one for the telescope the other one for the loupe, called Condition 1 and Condition 2, respeclively (Table 10 of the standard). In case of the telescope condition the measurement distance was determined to be 2 m in front of the laser aperture, and the 50 mm measurement aperture was restricted to the wavelength range 400 to 1400 nm (25 mm for 302.5 to 400 nm and for 1400 to 4000 nm). On the other hand the measurement distance for the loupe condition was specified to be 14 mm referring to the position of the apparent source. In addition for wavelengths from 400 to 1400 nm this measurement distance was depending on the size of the apparent source and could vary from 14 to 100 mm. Finally, a measurement aperture of 7 mm for all wavelengths was defined in Condition 2.
In the last and current version of the standard IEC 60825-1, ed.2.0 (2007) [3] new considerations regarding the practical use of loupes were taken into account. For this reason a complete new measurement setup was defined as shown in figure  5 of the standard -see Figure 3 .
In the same year ANSI [4] adopted the laser class schema of IEC and the measurement Condition I for telescopic viewing with some deviations but not Condition 2, (Note: Condition 2 in ANSI Z136. 1 is identical with Condition 3 in IEC 60825-1 ed.
(2007)).
A. Setup According To Figure 5 According 10 the previous standard versions just one single 7 mm aperture was used to measure energy or power at diverse distances from the laser source or reference point, respectively. In the current standard version (IEC 60825-1 ed. 2.0 (2007)) a more or less realistic situation is assumed. Consequently, the measurement setup was considerably upgraded and is illustrated in figure 5 
This definition is nonnally used to specify the magnification power. The standard defines a focal length of 35 mm. Considering the commonly used reference distance of 25 cm the magnification can be derived from equation ( I ) by r = 25cml3.5cm 0: 7 (Note: also for the telescope condition a magnification of 7 is assumed).
Distance 100 mm: It was assumed that a distance of lOO mm between lens L I (Ioupe) and lens L2 (eye) is a typical usage and was an arbitrary choice.
Aperture 2: The 3.5 mm aperture in front of lens L2 (eye) represellls the pupil diameter d""",I' As good ambient lightning is necessary for precise work (e.g. examination of surfaces) the pupil diameter cannot be in the dilated state. Therefore, the diameter of the aperture that is usually 7 mm was reduced to 3.5 mm.
Lens L2: the function of lens L2 is equivalelll to the human eye lens and creates an image of the object on the CCD-Chip.
B. Considerations Regarding Figure 5
Position Qfsource (reference point) Using eye loupes or hand magnifiers the object is normally located aI the focal plane or slightly closer to the lens. 
Magnification
Regarding the magnification r of loupes three different kind of magn ifYing glasses can be distinguished roughly:
• handheld magnifiers; r :s 12x
• eye loupes: r = 10x -20x
• fibcr microscopes: r = 200x -400.'< (used for telecommunication services)
Although the concerns about using a loupe were first recognized in the field of telecommunications (e.xamination of fiber tips) just a magnification of 7 was specified in the standard.
LOUDC aperture On the onc hand the 7 mill loupe apenure limits the power that can pass on the other hand it truncates the beam. thus reducing the image infonnation oflhe source.
Sensitivity Due to the small diameter of aperture 2 and the relatively short focal length of lens 2 the measurement setup is very sensitive regarding any deviation frolll the ideal alignment of all four optical elements. In order to ensure a minimum reliability each measurement is very time consuming.
Evaluation Of The Loupe Condition
A. Investigated Sources A number of di vergent sources such as fibers with different diameters. diode lasers (using collimating or diffuser optics) and laser line generators were investigated -see Table 2 . According to lEe 60825-I, ed. 2.0 (2007) two measurement setups regarding Condition 2 were applied: the simplified setup and the setup according to figure 5 of the standard. For the simplified evaluation (used for point sources) the power was measured wit h a 7 mm apenure at a fixed distance of 7 cm from the specified reference points.
On the other hand all relevant parameters were varied for the eMended evaluation (used for extended sources).
B. Measurement Analysis
As all measurements are basoo on the setup according The evaluation of each image that was projeeted onlO the CCD-Chip is based on the analysis of Ihe power to limit ratio (PLR) that is definOO by the proportionale power within a reclangular area (somewhere on the image) 10 the ei reumference ofthi s reclangle. IfPLR is above the AEL Ihe image may eause a thennal injury. Ta find Ihe maximum PLR,(z) for one single image each possible reetangular area within the image is evalualed regardin g the power to limit ra tio. The arilhmelie mean of length and width of the corresponding reetangle «S.+Sy)l2) describes the "diameter" of lhe image that is used for all subsequent ca1cuhllioll. Whcn Ihis ;lrithmetic mean is divided by [n the literature oflen Ihe tenn "eorreet" or "real" image is used. But independent of the eonfigurmion (souree position or aecommodation state) there will always be an image on the CCD-eamera. To e;lch position all apparenl souree can be assignOO and therewith a faclor c,. Crilcria sueh as smallest diameter aceording to commonly used diameter definitions (e.g. Ile or second moment) cannot be used for PLR analysis in case of eomplex bearn profile struetures (e.g. laser line generator that projects five parallel lines). Bcsides, the smallesl diameter does not always representthe worst case.
'fhe results are presented in tenns of Ihe Tclillive increase-factor that is derived from the power 10 limit ratios (PLR). The ratio oflhe PLR. \tR.L to the PLRMR."'E of Ihe naked eye defines the increase-factor when using a loupe:
Increase-faetor = PLRMJt)./ PLRMR.NF. (2) 1'he potential hazard was measured for three different Condition 2 aeeording to the standard defines the parameters as shown in Table 1 . In addition an appropriate focallength of the eye-1ens was chosen to ensure Ihal even a 100 mrad image is eompletely projeeted onto the CCD-Chip of the erunera. The dis tance from the reference point of the laser sources to the principal plane of lens I was fixed to 70 mm for the simplified method and to 35 mm for the extended evaluation, respeetively. A lime base of 100 s was used for the determination ofthe AELs. Table 1 some addi tional measurements were made with a 7 mm pupi l diameter dl' upol for NT. I of the laser line generators. Also in this case the increase-factor does not val)' significantly.
2) Diameter of pupil dl!waJ = 3.5n mm: A special source, a laser line generator thai projects five parallel lines wi th a fan angle of ]()O, was chosen for this comparison. Just two diameters of the pupil were evatuated, all other parameters were kept constant (Tablc I), also Ihe most restrictive position -see Table  5 . As one cou ld expectthe size ofthe apparent source (lL as wei l as th e collcctcd power increased, ifthe pupil diameter is ehanged from 3.5 to 7 mm, thus resultingin this case -in an increase-factor that is four times higher. Thc increase of Ut. is much less Ihan Ihe increase ofthe measured power.
3) Focal length f l -12.5/ 15135 mm: Thrcc different focal lengths far th e loupe (lens LI ) were used for this cornparison. The focal [engths correspond to the rnagnifications 20, 17, and 7 (e.g. 12.5 mm focal length corresponds to 20:< standard magnification). All olher parameters were not e hanged except for the taupe aperture d L • For some measurcments the diameter of the loupe aperture was altered from 7 mm to 17 mm -see Table 6 . For shorter focal Icngths the value of increase·factor becomes always higher which was already shown by Marshall [7] . Even large sources may became more hazardous. if Ihe rnagnifieation is increased (e.g. 600/660 fiber: the increase-factor was daubled). Sources thaI appear as "smalI" for the naked eye at ]() em have an increased risk ofup to a faetor of3 for large rnagnifiealion eases.
Besides it tumed out thatthe simplified evaluation is a good estimation for small sources like the 50/ 125-fiber for 7x magnifications (the simplified evaluation still results in a higher increase-faclor). If a 20x magnification is used, the si mplificd evaluation melhod undereslimales Ihe potential hazard by fnelor of 1.5·1.8.
4) Diameter of loure aper1ure d L = 11! 7 mm: Table 7 shows Ihe results, if Ihe diameler of Ihe 10upe apenure is varied. All olher defincd measuremenl parameters were not ehanged ( Table I) . Beside Ihe 7 mm apcrture a 17 mm loupe aperture was used (whereas Ihe 17 mm aperture was arbitrari ly chosen and is nol based on special eonsideralions).
The use of an apenure wilh a 17mm diameter instead of a 7 mm apenure results in a hazard inerease jusl for extended sourees (diode laser wilh optie and diffuser as we il as 600/660 fiber) , duc 10 the aeeessible power. Table 8 shows Ihal also targe saurees ean be beeome hazardous (ine rease·faetor > I), if an approprime eombinalion of measurement parameters is used. In order 10 reduce the innuence of an accurate alignment which is very time-consuming a larger pupil (e.g. 7 mm or even 50 mm) would be an advantage for practical reasons. If the measurement conditions are not changed it is open to question whether different laboratories will have comparable resulls.
E. Sensitivity Of The Measurement Selup

F. Summary
I) Distance cye-Ioupc d: has marginal inOuence on the increase-fac tor. 2) Diameter o f pupi l dl' \4lol: has one of the greatest effects of all parameters. The potential hazard is increased sign ificantly with a larger pupil diameter. ]) Focal length of loupe fL (magnification): in addi tion to the pupil diameter the focal length has great inOuence on the increase-factor. The higher Ihe magnification the higher Ix"(;omes the increasefact or. Recessed sources limit the practical use of highly magnifying loupes. Therefore, the limitation is reasonable for practical measurement reasons. Besides, the resulls of the extended evalulllion show that the most restricti ve position MRP is rarely idemical with the default value of]5 mm. 4) Diameter of loupe aperture d l : the larger the source the higher the inOuence of the loupe apenure since power as well as image information is lost. Especially for complex beam profile structures the limitation to 7 mm has significant impact on the results regarding the size o f the apparent source or the calculated diameter of the image. 5) Sensitivity of measurement setup: especially for small sources the alignment is of particular importance. A little shift of the test object along the optical axis or a laternl shift o f the loupe o f j ust a fC\v lenths of a millimcter cou ld change the image considerably. Quite ap.ln from the fact, that it is practically very difficult to determine the distance from a reference point somewhere inside (recessed source) or outside of the product to the principal plane of lens I. To ensure reproducible results Ihe test personnel must be highl y qualified.
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CONCLUSIONS
The main result is that for the invcstigated extended sources the hazard potential was lower for a configuration shown in fi gure 5 of the current standard than for the naked eye condition. The main reason for this result is the ].5 mm aperture stop in combination with the 7x magnification. In contrast to a 7 mm apenure for the naked eye, significantly less power is measured with a ].5 mm aperture. Additionally. due to the truncation of the beam by the aperture information oflhe image is 10sl.
The study provides a basis for the following conclusions: when the results from the analyzed sources are generalized, the conclusion would be that Condition 2 is only relevant for small sources (aAS S 1.5 mrad at a distance of 10 cm from the reference point). For small sources (such as 50/ 125 glass fibers) the PLR is increased by a faC10r of about 1.7 when the extended evaluation is used. The simplified method yields a factor of 2 and is therefore a good representalion of the increased haz..,rd. I f other magnifications were to be considered, the simplified method would have to be adapted since for higher magnifications, the current simple evaluation would undcrestimate the ha7.ard increase.
For extended sources, thc naked eye condition (Condition 3) would always be more critical. As a consequence, the classification procedure can be si mplified. If a manufacturer enn prove that the source of the laser product is extended. he will not have to consider Condition 2 of the current standard. Only for small sourccs is the simplified meas urement setup for Condition 210 be applied. The setup shown in fi gure 5 of the standard would no longer have to be used.
If Condition 2 is removed from the standard, the level of safety Ihat is lost is, based on the sources evaluated here. less than 2. This decrease of the safety level for the ass umption of a 7x magnification must be considered in comparison to the naked eye condition, if small sources are viewed with a loupe which has a magnification of 7x or higher. Ir Condi tion 2 is nOI re moved from the standard, the measuremelll conditions could be simplified and the applicability of Condition 2 could be reduced to the case of nonextended (i.e. small) sources onl y.
Soure!.' 
